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Abstract 
This paper describes a new method to increase the responsivity of pyroelectric IR sensors in voltage mode. This 
method utilises lateral heat flux effects in the radiation-sensitive element to increase the output signal of the sensors 
for equal radiation fluxes. For this purpose, a three-dimensional pattern in the μm range is etched into the responsive 
element. This paper gives an overview of the principal layout, functioning and measured properties of single-
element detectors based on lithium tantalate. In accordance with mathematical and physical modelling, 
measurements of structured detectors revealed an increase in the voltage responsivity that depends on the chopping 
frequency. Experimental proof has been obtained that the amount of responsivity increase and its frequency 
dependence strongly depend on the structure dimensions in the responsive element. With the recently implemented 
structures, responsivity increases by a factor of 1.5 were obtained at a chopping frequency of 10 Hz. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
Pyroelectric sensors based on LiTaO3 are distinguished from other pyroelectric materials by a high signal-to-
noise ratio, outstanding long-term stability and excellent reproducibility of sensor properties. Basically, it can be 
assumed that users of these sensors require the maximum possible responsivity in the technically interesting 
chopping frequency range of 1 to 100 Hz.  
Responsivity in voltage mode can be expressed as [1]: 
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where: ĲF window transmission 
Į absorption coefficient of the responsive element 
p pyroelectric coefficient 
c'p volume-specific heat capacity of the pyroelectric material 
İp dielectric constant 
v amplification factor 
AS area of the responsive element 
f chopping frequency 
RT  normalized current responsivity. 
It becomes evident that the responsivity of the sensors for a given pyroelectric material can be increased mainly 
by the absorption coefficient (Į ĺ 1) and the highest possible mean temperature difference of the responsive 
element. A reduction in the thickness of the responsive element decreases its heat capacity and results in a higher 
mean temperature difference. Since the electric capacity of the element increases simultaneously, though, the 
responsivity remains almost independent of thickness. 
2. Thermal amplification 
The basic principle underlying the use of thermal effects to increase responsivity is to etch a three-dimensional 
pattern into the responsive element and to create lateral temperature gradients under homogeneous irradiation [2]. 
These lateral temperature gradients cause a heat flux in the pyroelectric chip within one chopping period. Figure 1 
shows the chip layout with a patterned responsive element. 
)(t)
Top electrode
Bottom electrode
Pyroelectric chip
Thermal isolation trench
Patterned responsive element
Etch
pit
Fig. 1. Chip layout with patterned responsive element 
The three-dimensional patterning is achieved by transferring a grid pattern into the responsive element by ion 
beam etching. The upper electrode is laterally structured simultaneously with the etching process, and hence shows a 
hole structure. The existence of etch pits results in local areas of lower chip thickness. Since these areas do not have 
an upper electrode they are referred to as electrically passive volumes, whereas the areas coated by the upper 
electrode and showing the initial chip thickness are referred to as electrically active volumes. Within a single 
chopping period and under uniform irradiation of the chip, the local reduction of the chip thickness leads to faster 
and greater warming of the electrically passive volumes since their heat capacity is lower. The resulting temperature 
gradient between the electrically active and electrically passive volumes results in a lateral heat flux from the 
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electrically passive to the electrically active volumes of the responsive element. The principle functioning of the 
internal thermal amplification is shown in figure 2. 
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Fig. 2. Principle functioning of internal thermal amplification 
Depending on the relation between the heat capacities of the electrically passive and electrically active volumes 
and the absorption properties on the irradiated side, in the areas of electrically active volumes a higher temperature 
rise occurs compared with conventional non-patterned elements. With an appropriate choice of the etch pattern 
dimensions (da, dp, a, s) the influence of this thermal amplification increases responsivity. The sensor output signal 
and hence the sensitivity may be enhanced significantly as compared to non-patterned pyroelectric infrared 
detectors. 
3. Sensor simulation 
In order to obtain the highest possible responsivity, appropriate sensor simulations were conducted, in the 
process taking into account the complete functional chain in the pyroelectric detector. This is shown in figure 3. 
In this connection, the dependence of the thermal diffusion length in the pyroelectric material on the chopping 
frequency was of special importance. To perform thermal and electrical simulations, both numerical and analytical 
modelling techniques were used. The aim of the work was to determine the structure parameters (da, dp, a, s) that 
would allow the highest possible responsivity to be obtained at a certain chopping frequency and for a given 
responsive area.  
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Fig. 3. Complete functional chain in the pyroelectric detector 
4. Sensor realization 
The three-dimensional patterning of the pyroelectric chips was achieved by ion beam etching [3]. Following the 
lift-off process of the top electrode system, a photoresist mask is deposited before the pits are etched in the 
responsive element using ion beam technology. The etching process is performed by vertical ion bombardment 
down to a depth of about 5 μm. After being turned over, the wafers are subject to mechanochemical processing to a 
chip thickness of about 20 μm. As a next step, ion beam etching is used again to thin the responsive element down 
to a final thickness of approximately 6 μm. After applying the bottom electrode system the chip is ready for 
packaging and housing.  
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5. Measurement results 
The fabricated chips were used to assemble complete sensors and measure their responsivity. The graph in 
 figure 4 shows the measured responsivity enhancement of a sensor with a patterned chip as compared to a sensor 
with a non-patterned chip. The following geometrical parameters were used [AS= 1mm x 1mm]: 
- da = 6 μm 
- dp = 1 μm 
- a   = 12 μm 
- s   = 77 μm. 
From this graph it becomes apparent that responsivity in the range of 2 to 100 Hz could be increased by more 
than 50%. The decrease of responsivity at frequencies below 2 Hz results from the heat flux into the surrounding gas 
and can be avoided by evacuating the sensor housing. 
Fig. 4. Measured responsivity enhancement of a sensor with a patterned chip 
6. Conclusions 
Pyroelectric infrared detectors based on LiTaO3 were developed that feature a higher responsivity in the 
chopping frequency range between 1 and 100 Hz. The increase in responsivity is achieved by using thermal effects 
inside the responsive element. For this purpose, a three-dimensional pattern is etched into the responsive element. 
Further investigation is needed to show how the responsivity of the sensors can be further increased by judicious 
dimensioning of the absorption coefficient of the electrically active and passive areas. 
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